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As we know, there are known knowns; there
are things we know we know.

We also know there are known unknowns; that
is to say we know there are some things we
do not know.

But there are also unknown unknowns—the
ones we don’t know we don’t know.

Donald Rumsfeld
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KNOWN
BUT WRONG



THE GREENHOUSE EFFECT

stepheneschwartz
Global average temperature -19°C or -2 °F

stepheneschwartz
Global average temperature 15°C or 59°F



KNOWN



370
360
350
340
330
320
310

20001990198019701960

C. D. Keeling

Year

C
O

2 
co

nc
en

tr
at

io
n 

(p
pm

)

180

200

220

240

260

280

300

320

340

360

380

800 1000 1200 1400 1600 1800 2000

Law Dome 
Adelie Land
Siple
South Pole

Mauna Loa Hawaii

ATMOSPHERIC CARBON DIOXIDE IS INCREASING

Global carbon dioxide concentration over the last thousand years

Polar ice cores



GLOBAL ANNUAL TEMPERATURE
ANOMALY, 1880-2010
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PASTERZE GLACIER, AUSTRIA 1875 - 2004

About 2 km shorter.
Terminus replaced by artificial lake.
Decrease in length about 15 meters per year.
In 2003, decrease was 30 m in length and 6.5 m in thickness.

Unknown
http://www.worldviewofglobalwarming.org/pages/glaciers.html



GRINNELL GLACIER
GLACIER NATIONAL PARK 1911 - 2000

  

Unknown
http://www.worldviewofglobalwarming.org/pages/glaciers.html



GLACIER AX010, NEPAL, 1978-2004

Unknown
http://snowman.ihas.nagoya-u.ac.jp/download/photo/AX010.html



MUIR GLACIER - MUIR INLET
GLACIER BAY NATIONAL PARK, ALASKA

1941 vs. 2004

Muir Glacier,  William O. Field on 13 August 1941 and by Bruce F. Molnia on 31 August 2004



UPSALA GLACIER, ANDES, ARGENTINA

1928

2004

www.time.com



RHONE GLACIER, VALAIS, SWITZERLAND
1859 - 2001

  

Glacial retreat is 2.5 km.

Base is 450 meters higher.

Unknown
http://www.worldviewofglobalwarming.org/pages/glaciers.html
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ARIZONA FIRES
Sierra Vista, Arizona, June, 2011

Third largest fire in Arizona history.



ARIZONA FIRES
Monument Fire, Arizona, June, 2011



MISSISSIPPI RIVER FLOOD
Vicksburg, Mississippi, May, 2011

Second highest flood on record; highest since 1937.



MISSISSIPPI RIVER FLOOD
Morehouse, Missouri, May, 2011



FLOODS IN NORTH DAKOTA
Souris River, Minot North Dakota, June 27, 2011

The river surpassed its 1881 record level of 1,558 feet above sea level,
and flooded an estimated 4,000 homes in the city.



TORNADO IN MISSOURI
Joplin, Missouri, May, 2011

Devastating EF5 multiple-vortex tornado that struck Joplin, Missouri,
 late in the afternoon of Sunday, May 22, 2011.



TORNADO IN MASSACHUSETTS
Springfield, Massachusetts, June, 2011

Seven tornadoes from Connecticut to Maine in rare New England
outbreak.



UNITED STATES TORNADO COUNT

1,140 confirmed tornadoes reported in the US in 2011 as of June 23, 2008.
537 U. S. deaths, compared to 564 in the 10 years prior.



PROBABILITY OF EXTREME EVENTS
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Quantity of interest (flood height, deaths...)

Slight shift in probability distribution can greatly increase
probability of extreme events.



KNOWN



2009 COPENHAGEN ACCORD ENDORSES
2˚C (3.6 ˚F) MAXIMUM TEMPERATURE RISE



KNOWN
UNKNOWNS
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From Forcing by Long-lived Greenhouse Gases
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ALLOWABLE FUTURE CO2 EMISSIONS
So as not to commit the planet to increase in global
temperature greater than the agreed maximum, 2˚C

Even the sign of allowable future emissions is unknown.
If climate sensitivity is low, we have approximately 40 years at current

emission rates.
If climate sensitivity is high, we are already overcommited by 40 years.



NOT WELL KNOWN
KNOWNS



ATMOSPHERIC CARBON DIOXIDE
Time series 1700 - 2003
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Law - Etheridge et al.
Siple - Friedli et al.

Mauna Loa - Keeling

Unknown




ATMOSPHERIC CO2 EMISSIONS
Time series 1700 - 2003
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 Fossil Fuel Emissions

Fossil Fuel - Marland



ATMOSPHERIC CARBON DIOXIDE
Time series 1700 - 2003
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ATMOSPHERIC CARBON DIOXIDE
Time series 1700 - 2003
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Law - Etheridge et al.
Siple - Friedli et al.

Mauna Loa - Keeling
Fossil Fuel - Marland

stepheneschwartz
That can’t be right.
That must be well known.



DEFORESTATION AS A SOURCE OF
ATMOSPHERIC CO2



ATMOSPHERIC CO2 EMISSIONS
Time series 1750 - 2000
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 Land Use Emissions
 Fossil Fuel Emissions
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Fossil Fuel - Marland
Land Use - Houghton

Prior to 1910 CO2 emissions from land use changes were dominant.

Subsequently fossil fuel CO2 has been dominant and rapidly increasing!



ATTRIBUTION OF INCREASE IN
ATMOSPHERIC CO2

Comparison of cumulative CO2 emissions from fossil fuel combustion and
land use changes with measured increases in atmospheric CO2.
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Prior to 1970 the increase in atmospheric CO2 was dominated by
emissions from land use changes, not fossil fuel combustion.



ATTRIBUTION OF ATMOSPHERIC CO2
Comparison of CO2 mixing ratio  from

fossil fuel combustion and land use changes
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CO2 from land use emissions – not fossil fuel combustion – 
was the dominant contribution to atmospheric CO2 over most of
the 20th century. Fossil fuel is dominant now, roughly 2: 1. 
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UNKNOWN
UNKNOWNS
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WHERE IS ALL
THIS CO  

COMING FROM?
2

WHO IS 
RESPONSIBLE?





RESEARCH AT BROOKHAVEN
NATIONAL LABORATORY IS HELPING

TO ANSWER THESE QUESTIONS.




